Abstract The human body on exposure to high-altitude, undergoes many physiological challenges. The cardiopulmonary reserves are favoured against the digestive system. Hence, the efficiency of digestion is compromised to a great extent, which leads to anorexia, hypophagia, epigastralgia, dyspepsia, nausea, and peptic ulcers. The present study was focused on in vitro digestive influence of selected food ingredients viz. cardamom, carom, cumin, coriander, fennel, fenugreek, ginger, pepper, star anise, turmeric, papaya, orange, pineapple, liquorice, valerian, and tarragon on the activities of digestive enzymes of rat pancreas, duodenum, and small intestine. In-vitro antioxidant activities of the above food ingredients were also carried out with respect to their radical scavenging activity against DPPH Á , NO Á , and ferrous reducing antioxidant power. All the studied food ingredients showed a comparative range of free radical scavenging activity. Further, pineapple has shown enhanced enzymatic activity of pancreatic amylase, trypsin and chymotrypsin among the tested samples with 432, 252, and 86%, respectively. However, all food ingredients showed inhibitory effect towards maltase activity, while the sucrose activity was enhanced in tarragon compared to control. Almost all the selected food ingredients have been observed to have low glycemic index and low protein efficiency ratio except pineapple. The results suggested that ample merit in the use of pineapple extract can be carried forward for the formulation of highly digestible foods for extreme environmental conditions.
Introduction
People travelling to extreme environmental conditions like high altitude, for example, the Trans-Himalayan regions exposes the human body to a variety of stresses; the most prominent hypoxia with the increase in altitude due to the reduced partial pressure of oxygen (Chawla and Saxena 2014) . The diets of humans differ in quantity and composition in different climatic conditions. Appetite suppression may persist even after the symptoms of acute mountain sickness have disappeared, or at an altitude where acclimatisation is incomplete. Symptoms related to digestive system disorders such as anorexia, epigastric discomfort, epigastralgia, heartburn, dyspepsia, nausea, vomiting, diarrhoea, hematemesis, piles and peptic ulcers are frequently found in mountaineers and altitude sojourners (Wu et al. 2007) .
Food ingredients have a significant role in human life as they serve us with valuable components such as beverages, and medicines. Some of the Indian herbs, fruits and spices are being claimed to aid digestion, flavouring agents and food preservatives since ages (Shan et al. 2007 ). Spices and herbs are believed to aid in digestion by intensifying salivary flow and gastric juice secretion. There are reports which state that certain spices or their active principles stimulate bile flow and increase the secretion of bile acids, which have an important role in digestion and absorption of dietary fat (Platel and Srinivasan 2000a, b) . It has been shown that several common spices have a stimulatory influence on the activities of pancreatic lipase, amylase, and proteases (Prakash and Srinivasan 2012) . Some medicinal herbs contain phytochemicals characterized by bitter and pungent properties exert their digestive action through endocrine and paracrine release (Valussi 2012) . Few fruits such as pineapple, papaya, fig, and kiwi contain proteolytic enzymes such as bromelain, papain, ficin, and actinidin, respectively have been reported with digestive property (Nam et al. 2016) . Protease enzymes are known to break down or change the composition of proteins/peptides and helps in digestion process. Moreover, these proteases are clinically proved to have a role in strengthening the immune system of the intestine by its anti-inflammatory property (Ketnawa et al. 2012) .
The antioxidant activities of the food ingredients are due to the presence of phenolic compounds, which scavenge reactive oxygen species and reduce the process of lipid peroxidation and protein oxidation (Shobana and Naidu 2000) . The glycemic index (GI) is carried out to know the effect of carbohydrate in food sample to the blood glucose level. It gives a ranking based on how quickly the carbohydrates are digested and the release of glucose (Monro and Shaw 2008) . The protein quality of food can be measured by protein efficiency ratio (PER)which is one of the oldest and simplest methods reported (Takruri and Dameh 1998) .
Newer generation foods are required to be developed to reduce the digestive problems in high-altitudes. In the present study, the experiments have been categorized into two parts i.e.in vitro antioxidant status of selected food ingredients and further their effect on digestive enzymatic activity on rat pancreas, intestine and duodenum and in vivo studies to determine the efficacy of the selected food ingredients on PER and GI.
Materials and methods
Collection, preparation, and extraction of the food ingredients A total of sixteen fruit/spice/herbal materials were procured from the local market, Mysore, India. The list of materials selected for the study is given in Table 1 . Spices were procured in dry form; fruits and herbal materials were procured in fresh form. Fresh fruits were shade dried and further ground into paste using pestle and mortar, and dried spices were made into powdered form by lab mill grinder (Cyclone Sample Mill, India), and processed further overnight extraction with Milli-Q water (1:10 w/v). The extracted materials were centrifuged at 3000 rpm for a period of 20 min. The supernatant was collected and further utilized for in vitro antioxidant and digestive enzyme activity studies. The samples were freshly prepared for each assay to avoid nutrient losses.
Determination of in vitro antioxidant activities

DPPH radical scavenging activity
The free radical scavenging activity of the food ingredients was determined by in vitro DPPH (1, 1 diphenyl 2, picryl hydrazyl) assay (Xu and Chang 2007) . DPPH in methanol (0.1 mM) was prepared and 2.9 ml of this solution was added to 20 ll of food ingredient and made up to 100 ll with methanol. The absorbance was measured at 517 nm after incubation for 30 min at room temperature. Percent inhibition was calculated as follows: [A control -A sample]/A control 9 100, where A is the absorbance. The antioxidant activity of the extract was expressed as IC 50 , which the concentration (lg/ml) of extract inhibits the formation of DPPH radicals by 50%.
Ferrous reducing antioxidant power (FRAP) assay
FRAP reagent consisted a mixture of 50 ml acetate buffer (300 mM; pH 3.6), 5 ml TPTZ (2, 4, 6-tripyridyl-s-triazine; 10 mM) in HCl (40 mM) and 5 ml FeCl 3 .6H 2 O (20 mM). 20 ll of the food ingredient made up to 100 ll was then allowed to react with 2900 ll of the FRAP solution for 30 min in dark and then measured at 593 nm for the coloured product of ferrous tripyridyltriazine complex (Re et al. 1999) . FRAP results were expressed in units of lmole Fe(II)/g of the sample.
Nitric oxide radical scavenging activity
Nitric oxide radical scavenging activity was measured by Griess reagent (1% sulphanilamide and 0.1% naphthylethylenediamine dihydrochloride in 2% phosphoric acid). Briefly, sodium nitroprusside (in PBS) was mixed with 100 ll of food ingredient and incubated for 120 min at room temperature. Further, Griess reagent was added to the mixture and absorbance was measured at 546 nm (Green et al. 1982) . Percentage inhibition = [A control -A sample]/A control 9 100, where A is the absorbance. The antioxidant activity of the extract was expressed as IC 50 , which the concentration (lg/ml) of extract inhibits the formation of NO * radicals by 50%.
Preparation of rat pancreas, duodenum, and small intestine homogenates
Male Wistar rats (180-200 g) from the stock colony of the central animal house, DFRL, Mysore were used for enzyme assays. Pancreas, duodenum, and small intestine were excised after scarifying under anaesthetic condition. The small intestine was flushed with ice-cold saline to remove excess food debris. The organs were independently homogenised with 0.9% ice-cold saline and centrifuged at 10,000 rpm for 10 min. The supernatant was collected and stored at -20°C for further studies.
Enzyme assays
Rat pancreas, duodenum, and small intestine homogenates were used as an enzyme source for amylase, trypsin, chymotrypsin, disaccharidases, and carboxypeptidases.
Amylase activity
The pancreatic homogenate was used for the determination of amylase activity (1, 4-a-D-Glucan glucanohydrolase, EC 3.2.1.1) by 3, 5-dinitro salicylic acid (DNS) method (Ramakrishna et al. 2003) . Briefly, 0.05 ml enzyme solution and an equal amount of food ingredient were treated with 1% starch solution (substrate) prepared with phosphate buffer (20 mM; pH-6.9) and then the mixture was incubated at room temperature for a period of 10 min. To the above mixture, DNS reagent (1% w/v) was added and kept for incubation at 100°C for a period of 5 min. The mixture was cooled to room temperature and the absorbance was recorded at 546 nm to measure the concentration of nitroaminosalicylic acid formed and directly correlated to the pancreatic-amylase activity and expressed as nmol maltose liberated/min/mg protein.
Trypsin activity
Trypsin (EC 3.4.21.4) is formed in the pancreas and is secreted into the lumen of the intestine. The proenzyme trypsinogen is activated by incubating pancreatic homogenate with 2% enterokinase for 24 h at 5°C. Briefly, trypsin solution (0.2 ml), triethanolamine buffer (1.8 ml; 0.2 M; pH 8.1), pancreatic homogenate (0.1 ml) and the food ingredients were mixed together and incubated for 5 min at room temperature. To the mixture, N-benzoylarginine-p-nitroanilide (BApNA; 1 ml) was added as a substrate to determine trypsin activity (Platel and Srinivasan 2000a, b) . The release of p-nitroaniline was observed with the increase in the extinction at 405 nm. Trypsin activity was expressed as nmol p-nitroaniline released/min/ mg protein.
Chymotrypsin activity
Chymotrypsin (EC 3.4.21.1) has chymotrypsinogen as its precursor, which is activated by trypsin. N-Benzoyl-L-Tyrosine Ethyl Ester (BTEE) was used as a substrate. The substrate used is specific for chymotrypsin assay as trypsin does not hydrolyze BTEE (Ramakrishna et al. 2003) . 1913-1921 1915 Briefly, 1.5 ml Tris buffer (80 mM; pH 7.8), 1.4 ml BTEE (1.07 mM) and 0.1 ml of sample were added and the extinction was recorded for 3 min. The release of p-nitroaniline was observed at 256 nm and expressed as nmol p-nitroaniline released/min/mg protein.
Carboxypeptidase activity
Carboxypeptidase A (EC 3.4.12.2) N-(Carbo-b-naphthoxy)-DL-phenylalanine was used as the substrate which is converted to b-naphthol (Falguera et al. 2011) . Briefly, 4 ml of Tris buffer (50 mM, pH 7.8), 0.1 ml calcium chloride (250 mM) and the 0.4 ml of the enzyme and the sample are mixed and incubated for 10 min. To this 0.5 ml of N-(Carbo-b-naphthoxy)-DL-phenylalanine (6 mM) is added and incubated for 25 min. One ml of chromogen solution is added and exactly after 1 min, the sample mixture is extracted with 1 ml 70% perchloric acid and ethyl acetate to measure the absorbance at 546 nm. The activity was calculated by measuring the amount of bnaphthol released using a b-naphthol standard curve and the values were expressed as lmol b-naphthol released/mg protein.
Disaccharidases activity
Disaccharidases such as sucrase and maltase activities were carried out using glucose oxidase method. Briefly, 10 ll of disaccharide solution, 10 ll of enzyme solution and food ingredient were mixed together. The mixture was incubated at room temperature for a period of 1 h. To this mixture, 300 ll of glucose reagent was added and incubated for one hour at 37°C (Ramakrishna et al. 2003) . The glucose released was measured at 450 nm. The activity was calculated using a glucose standard curve and expressed as lg glucose hydrolysed/mg protein. The protein content in the duodenum, intestine, and pancreatic homogenates was measured by modified Lowry's method (Hartree 1972) .
In-vivo method
Protein efficiency ratio (PER)
Male weanling Wistar rats (35-50 g) from the stock colony of the Animal House, DFRL, Mysore were used for this experiment. After 7 days of adaptation, the rats were subjected to a feeding trial for 28 days. The rats were placed in individual stainless steel cages and randomly distributed into seventeen groups (n = 6). The control group was fed with casein diet, other groups were fed casein diet along with food ingredients individually (1 g/kg body weight). During this period, water and food were fed ad libitum. The casein diet (1 kg) consisted of casein (240 g), vitamin mixture (10 g), mineral mixture (40 g), groundnut oil (40 ml), cod liver oil (10 ml), and cornstarch (658 g). The food ingredients were incorporated into the diet at the expense of corn starch to give the various diets. The food intake was monitored every day and the weight of the rats was recorded weekly (Mensa-Wilmot et al. 2001) . The PER was calculated using the formula: PER = Increase in body weight (gram)/Weight of protein consumed (gram)
Glycemic index (GI) studies
Before the start of the experiment, rats fasted overnight. Fasting blood glucose was measured and glucose (3 g/kg body weight) was orally administered along with the food ingredients (100 mg/ml). Blood samples were collected from the tail vein at 0, 30, 60, 90 and 120 min (Shivanna et al. 2013) . Glycemic index(GI) was calculated using the formula: GI = (AUC sample /AUC glucose ) 9 100% , where AUC = area under the blood glucose curve
Statistical analysis
Results were expressed as mean value ± standard deviation (n = 6) for experiments. Linear regression analysis was conducted to find out the correlation coefficient. Statistical significance was evaluated by employing t test and p \ 0.05 was considered to be significant.
Results
In the present study, a total of sixteen food ingredients were analysed for their (a) antioxidant and digestive properties by in vitro methods to understand their influence on digestive enzymes such as pancreatic amylase, trypsin, chymotrypsin, carboxypeptidases and disaccharidases, and (b) PER and GI by in vivo methods. Among the sixteen food ingredients, ten belong to spices, three belong to medicinal herbs and three belong to fruits. Different parts of the food ingredients were used in the study depending upon their medicinal usage (Table 1) .
Antioxidant activity
Results of DPPH, FRAP and NO free radical scavenging activities of the food ingredients screened are placed in Table 1 . Star anise, carom, and cumin showed highest DPPH activity with IC 50 value 33.82 ± 1.04, 63.89 ± 1.75 and 73.85 ± 1.82 lg/ml respectively. Total antioxidant activity with respect to ferrous reducing antioxidant power (FRAP) was expressed as lmol Fe(II)/g sample. Fenugreek showed highest FRAP activity with 128.97 ± 8.70 lmol Fe(II)/g (IC 50 ); whereas, liquorice showed the lowest activity. The comparative study of the food ingredients was best in scavenging nitric oxide radical with IC 50 ranging from 9 lg/ml to 17 lg/ml.
Enzyme assays
Effect of food ingredients on amylase activity
The amylase activity was significantly enhanced by most of the studied food ingredients. Pineapple showed maximum stimulatory effect 186.3 ± 3.8 nmol maltose liberated/ min/mg protein, which is 432% higher than the control (Table 2) . Valerian, ginger, papaya, fennel, orange peel, carom, coriander, cumin, turmeric, star anise, pepper, and cardamom showed increased levels of pancreatic amylase activity when compared to the control (p B 0.05). The food ingredients like liquorice, fenugreek, and tarragon showed decreased pancreatic amylase activity when compared to the control (Table 2) .
Effect of food ingredients on trypsin activity
The maximum activity for trypsin enzyme was shown by pineapple (252%) followed by papaya, cumin, carom, fennel, pepper, star anise, coriander, cardamom, orange peel powder, turmeric, ginger, liquorice, valerian, and tarragon. Fenugreek and cardamom showed reduced pancreatic trypsin activity ( Table 2) .
Effect of food ingredients on chymotrypsin activity
All studied food ingredients were able to increase chymotrypsin activity when compared to the control (except fenugreek). Chymotrypsin activity was ranged between 3.15 and 6.96 nmol p-nitroaniline released/min/mg protein. Whereas, pineapple showed highest chymotrypsin activity, which is 86% more than control ( Table 2) .
Effect of food ingredients on carboxypeptidase activity
Enhanced carboxypeptidase activity was observed by tarragon i.e. 149% more when compared to the control (Table 3) . While, other food ingredients showed the following carboxypeptidase activities when compared with 1913-1921 1917 control: cumin (12%), cardamom (25%), carom (47%), liquorice (34%) and star anise (94%).
Effect of food ingredients on disaccharidases activity
To understand the disaccharidase activity, maltase and sucrase activities were carried out. All food ingredients showed inhibitory activity towards maltase assay; while fennel (16%), orange (0.3%), papaya (0.03%) and pineapple (2%) elevated sucrase activity when compared to the control (Table 3) .
In-vivo methods
Protein efficiency ratio
The PER of casein diet fortified with all the selected food ingredients in same concentrations are tabulated in Table 4 . Pineapple extract fortified casein diet gets a 1.97 PER rating when compared to 1.37 of the control and hence can be used in many nutritional supplements. 
Glycemic index
GI of plain glucose was measured in absence and presence of all the food ingredients. Almost all food ingredients showed reduced glycemic index (GI) compared to the control except pineapple with GI of 98 and was significantly different from that of the control (p \ 0.05) ( Table 5 ).
Discussion
Gastrointestinal-related problems are of common occurrence in people who ascend high altitudes (HA) like Ladakh and north-east India. Various high altitude environmental factors that influence gastrointestinal (GI) function, such as the physiological effects of hypobaric hypoxia, changes in dietary habits due to a limited variety of food materials and other environmental conditions (Anand et al. 2006 ). Hypoxia is the major contribution of oxidative stress at high altitudes. Certain environmental factors, such as sunlight, cold, diet and reduced partial pressure of oxygen in the atmosphere, also add to the cumulative burden of oxidative stress at high altitudes (Askew 2002) . A limited amount of research suggests that antioxidant supplementation at high altitude may be beneficial to reduce the symptoms of acute mountain sickness (AMS), reduce muscle soreness and improve red blood cell membrane fluidity. Oxidative stress at the cellular and molecular level is considered to be a major culprit in disease processes like cardiovascular diseases, intestinal inflammation, cancer, and aging. Many bioactive components of medicinal herbs/ fruits/spices are known to have free radical scavenging activity by the activation of antioxidant phase II enzymes like superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) and glutathione peroxidase (GPx) (Kumar et al. 2015) . These bioactive components mainly belong to phenolics i.e. polyphenols, flavonoids, hydrolysable tannins, anthocyanins, phenolic acids and vitamins viz., tocopherol, ascorbic acid, and b-carotene (Brewer 2011) .
The food ingredients studied in this investigation are commonly used in Indian culinary system. For instance, cumin is a common ingredient in seasoning; ginger is being used in a variety of foods/drinks as an appetizer since ages and as a remedy for nausea; carom is an ingredient of many dishes and savouries; piperine is an active component of pepper known to influence on membrane fluidity of the intestinal brush border; fenugreek is well known hypoglycaemic activity due to the presence of 4-hydroxy isoleucine; turmeric has an anti-ulcerative agent due to presence of curcumin; cardamom and coriander are known flavouring agents with digestive properties; fennel has been used for dyspepsia, bloating, flatulence and poor appetite; star anise is said to possess carminative, stimulant, stomachic, diuretic properties; papain from unripe papaya is used as digestive and softening agent; bromelain is a proteolytic enzyme derived from pineapple has an antimicrobial effect, as well as displaying anti helminthic activity to vanish gastrointestinal nematodes; tarragon is used as an aromatizing agent with carminative property; liquorice is used as a laxative, antidiabetic, anti-inflammatory, immunomodulatory, antitumour; valerian is also used to treat insomnia and anxiety; orange is used to treat anorexia and aging apart from being choleretic (Aglarova et al. 2008; Frankic et al. 2009 ).
Gastrointestinal (GI) tract diseases include infection of mucosal surface, colon cancers and chronic inflammatory conditions example Crohn's disease, ulcerative colitis etc., all these diseases will involve reactive oxygen species and oxidative damage. Sometimes, oxidative responses are beneficial, for example during invasion by pathogens whereas if it is not controlled can cause tissue destruction due to the production of peroxides and free radicals that will damage proteins, lipids and DNA. Also in GI tract endogenous and exogenous antioxidants can counteract reactive species and maintain a balance between oxidative and an antioxidant response, which is critical for maintaining good intestinal health (Cheli and Baldi 2011) . Values are mean ± SD of six independent determinations *Significant increase in the control value (p B 0.05) DPPH free radical Scavenging activity is one of the common antioxidant assay carried out (Xu and Chang 2007) . FRAP assay is one of the in vitro antioxidant studies performed in terms of chelation power on ferrous ions, which is main cause of oxidative damage in GI tract (Re et al. 1999) . Nitric oxide (NO) also plays an important role in physiology of GI tract and high concentrations of NO are related to numerous pathological processes of GI tract (Salzman 1995) . Hence, it is essential to evaluate the antioxidant properties in the food ingredients selected for support of digestion. In the present study, all the selected food ingredients have shown antioxidant activity against DPPH radicals, nitric oxide radicals, and ferrous reducing property. Star anise, carom, and cumin have shown maximum free radical scavenging activity against DPPH radical (IC 50 \ 100 lg/ml); whereas, cardamom, fenugreek, orange, and papaya have shown best FRAP activity among the selected food ingredients ([ 200 lmol Fe(II)/g). Nitric oxide is classified as a free radical because of the presence of unpaired electron. NO radical displays an important reactivity with various proteins and other free radicals. NO is very unstable and produces intermediates like nitrogen dioxide (NO 2 ), dinitrogen tetroxide (N 2 O 4 ), dinitroazanide (N 3 O 4 ). NO radicals may produce genotoxic peroxinitrities by reacting with superoxide (Wink et al. 1991) . Further, in high altitude conditions (hypoxic exposure) NO radical synthesis may occur including acute mountain sickness and high altitude pulmonary and cerebral oedema situations (Askew 2002) . Therefore, foods having NO radical scavenging activity may be useful to rectify these hypoxic conditions. Moreover, all the selected food ingredients have shown best nitric oxide radical scavenging activity. Previous studies on lipid peroxidation activity have shown that these food ingredients are capable of inhibiting lipid peroxidation through enhancing the activity of endogenous enzymes such as SOD, CAT, GPx, and GR (Shobana and Naidu 2000) . Further studies have proved that these biochemicals have the capacity to reduce the arachidonate metabolites (PGE2, leukotrienes) and also shown inhibiting activity on the secretion of lysosomal enzymes such as elastase, collagenase, and hyaluronidase (Srinivasan 2005) . Antioxidant reports of the present study are in line with the previous investigations on spices (Shobana and Naidu 2000) .
Any food additive which has a digestive stimulant action is known to stimulate the digestive secretions (gastric, bile, pancreatic) and/or stimulate the digestive enzymes such as amylase, protease, and lipases. Therefore, the present study was designed to know the digestive properties of selected food ingredients on pancreatic, duodenum and small intestine homogenates by in vitro methods. Previous animal studies have documented the beneficial effects of turmeric, pepper, ginger, carom and fennel on the activity of digestive enzymes Srinivasan 2000a, b, 2001) . Further, it is confirmed that these digestive enzymes hydrolyse macromolecules of the food such as protein, starch, and triglycerides into smaller molecules and induce digestive stimulant action (Platel and Srinivasan 1996) . The observations of the present study indicate that the tested samples have a favourable influence on the activity of pancreatic amylase, trypsin, and chymotrypsin. Pineapple has shown the best enzymatic activity of pancreatic amylase, trypsin and chymotrypsin among the tested samples with 432, 252, and 86%, respectively. In the present study, fenugreek has shown a negative effect on all pancreatic digestive enzymes. It may be due to the presence of protease inhibitors such as bitter saponins (Weder and Haubner 1991) . The digestive enzymatic activity also helps in stimulation of bile flow and bile acid secretion. Carboxypeptidase is a protease enzyme that hydrolyzes a peptide bond at the carboxy terminal of protein. In the present study, fenugreek, ginger, pineapple, tarragon, turmeric, and valerian have shown higher duodenum carboxypeptidase activity when compared to other tested samples. However, maltase activity was inhibited by the food ingredients taken; fennel, orange, papaya, pineapple, and tarragon showed higher sucrose activity. By in vivo studies of PER and GI, it can be concluded pineapple extract was found to be promising based on the studies carried out. This can be used in many nutritional supplements in the form of munch, with both appetizing and digestive properties for improved digestion capacity for mountaineers and infants as the active component of pineapple i.e. bromelain remains active in acidic and alkaline environment of stomach and small intestine respectively which makes it an efficient oral digestive aid (Pavan et al. 2012 ). Gastrointestinal problems are common for infants and home remedies are being practiced since ages in India. Fennel water extract has the property to correct flatulence in infants and being practiced in Indian system of medicine. The stomach lining of infants and children are susceptible for ulcer and other small reasons; however, ginger and fenugreek seeds are commonly used as treatment (Platel and Srinivasan, 1996) . However, while using these food ingredients as medicine, there should be a prescribed dose and duration; otherwise, this may lead to other adverse effects.
